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Appendix. Proof of Theorem 0.2 proof: It follows that E + is locally asymptotically stable if and only if
(1) If δ < 1, it is easy to see that the inequality (1) holds, which indicates that E + is locally asymptotically stable. If δ > 1, it can be seen that (1) holds if and only if n + > √ δ − 1, which is equivalent to
Condition (2) apparently holds if
It can be shown that 2δ √ δ − 1 > 2δ if and only if δ > 2. When δ < 2, we have 2δ √ δ − 1 < 2δ, which implies that E + is locally asymptotically stable. When δ > 2, we have 2δ
It follows from (3) and (4) that (1) holds if p > p, which means that E + is locally asymptotically stable. On the other hand, if δ > 2 and p < p, we have δ − 1 − n 2 + > 0, which indicates that E + is unstable.
Set T (p) = tr(J E+ ) and D(p) = deb(J E+ ). We can prove that p = p is a Hopf bifurcation point if δ > 2. We should identify
where α(p) ± iβ(p) is the unique pair of complex eigenvalues near the imaginary axis. It is easy to verify that T (p) = 0 and D(p) = 0 from the proof above. Noting that α(p) ± iβ(p) are the eigenvalues of J(E + ), we have
Then we obtain α (p) = − (p + p 2 − 4δ 2 )n + δ p
